Detached bean (Phaseolus vulgaris) and strawberry (Fragaria) fruits fed L-gulono-1,4-lactone or L-galactono-1,4-lactone convert this compound, in part, to L-ascorbic acid. When L-galactono-1, 4-lactone is given as a 0.25% solution to detached bean shoots, the ascorbic acid content is tripled in less than 10 hours. L-Gulono-1,4-lactone is only 5 to 10% as effective as its epimer. Experiments with specifically labeled L-gulono-I,A4-lactone and L-galactono-l, 4-lactone prove that conversion is direct. Ascorbic acid is labeled at the same carbon as its precursor.
ripening strawberries (13) . In this study, three ripening strawberries (5 g) were administered myo-inositol-2-14c (2 j,c, 0.5 Aimole in 0.1 ml of water) through freshly severed stems. Label was taken up by the berries in about 2 hr. After 24 hr, berries were ground in 70% ethanol (v/v), and the insoluble residue was washed with fresh portions of solvent until all of the soluble 14C was removed. The residue was hydrolyzed with Pectinol R-10 (Rohm and Haas' commercial pectinase) and D-galacturonic acid (14 mg, containing 21% of the "C supplied) was recovered by procedures already described (13) . The labeled D-galacturonic acid was converted to its sodium salt and was reduced to the corresponding L-galactonate with sodium borohydride. Recovery of the free acid was achieved by placing the borohydride reaction mixture (after destroying excess borohydride with formic acid) on a column of Dowex 1 exchange resin (formate form) and then by eluting with a formic acid gradient (13) . The free acid was converted to its 1,4-lactone by flash evaporation from glacial acetic acid and finally, by heating the residue to 60 C under reduced pressure. A portion of the lactone was converted to its trimethylsilyl ether, and was found to have the same retention time on SE-30 and OV-1 gas chromatographic columns as an authentic sample of tetrakis-O-trimethylsilyl-L-galactono-1 ,4-lactone (9) . The final product had a specific radioactivity of 6 ,uc per mmole.
Preparation of L-Gulono-1,4-lactone-1-14C and -6-14C. DGlucuronic acid-6-"4C and-1-"4C, respectively, were converted to sodium salts, were reduced to L-gulonic acids, were purified and lactonized as described above. The labeled D-glucuronic acids used in this preparation had been purified previously (20) .
Final specific radioactivity of L-gulono-1 ,4-lactone- Comparison of the specific radioactivity of the unsubstituted ascorbic acid with its isopropylidene derivative established the specific radioactivity of the product in each experiment.
Other labeled components from neutral effluent and acidic fractions that were recovered during ion exchange chromatography were set aside for separate investigation.
Degradation of L-Ascorbic Acid. A detailed description of methods used to determine the distribution of 14C in specific carbons of ascorbic acid is presented elsewhere (10) . In this study, decarboxylation of ascorbic acid in 8 N sulfuric acid yielded carbon-1 as carbon dioxide. Carbons-1 + 2 were recovered as calcium oxalate after sodium hypoiodide oxidation. Calcium oxalate was converted to its free acid and was further purified by sublimation. Carbon-6 was recovered as its formaldehyde dimedon derivative after ascorbic acid had been oxidized with sodium periodate.
Gas-liquid chromatography and radioisotope-counting procedures were the same as those used in previous studies (9, 20) .
RESULTS
Prior to experiments with labeled material, ascorbic acid biosynthesis was examined in detached bean shoots that had been given unlabeled L-gulono-1 ,4-lactono 1, 4-lactone (Table I) . When L-gulono-1 ,4-lactone was fed to bean shoots, there was a 25 to 30% increase in ascorbic acid content within 6 hr, if the lactone concentration was above 0.5 %. At 24 hr, even the lowest lactone concentration used, 0.1 %, caused this increase. Beyond 24 hr, the content of ascorbic acid declined in all samples. Wilting was absent, even at 2 % L-gulono-1 , 4-lactone, up to 48 hr.
Compared to results obtained with L-gulono-1, 4-lactone, detached bean shoots fed L-galactono-1 ,4-lactone produced substantial amounts of ascorbic acid over that present in controls. This increase was accompanied by a pronounced tendency to wilt. Shoots held in 0.25%/ L-galactono-1 ,4-lactone for 6 to 10 hrtripled their ascorbic acid content; when they were held for longer periods, wilting occurred. Incipient wilting corresponded to a level of approximately 250 to 260 mg of ascorbic acid per 100 g of fresh tissue. This level was observed over a range of concentrations of lactone fed to shoots (Table II) . At 0.1 % lactone, shoots seldom reached the ascorbic acid level associated with wilting. In these samples, wilt was not observed even after 57 hr. The possible relationship between wilt and L-ascorbic acid was further examined. Experiments were run in which 0.25, 0.5, and 1 % solutions of L-ascorbic acid, unbuffered or buffered to pH 4, 4.5, or 5 with sodium bicarbonate, were fed to detached bean shoots. Similar results were obtained regardless of the pH of the solution fed. At 0.25%, shoots seldom accumulated more than 150 mg of ascorbic acid per 100 g fresh weight of tissue during the first 30 hr of uptake, and wilting was not observed. At 0.5 to 1 %O, the ascorbic acid content of the shoots rose rapidly above 250 mg/100 g fresh weight of tissue, and wilting occurred invariably when the threshold value was reached (29 hr for shoots held in 0.5 % solution of L-ascorbic acid, and 9 hr for those held in 1 %). These results indicated that 7-to 8-day-old bean shoots could tolerate L-ascorbic acid at tissue concentrations approximately twice as high as normal, but that higher levels caused wilt.
The effect of myo-inositol on L-ascorbic acid biosynthesis from L-galactono-1, 4-lactone was tested inasmuch as myo-inositol, exogenously supplied to detached plants, is converted in part to L-gulonic acid (14) . The presence of 0.5% myo-inositol, either in water controls or solutions of L-galactono-1 ,4-lactone ranging from 0.05 to 0.5 %, had no effect on L-ascorbic acid biosynthesis, and the onset of wilting was similar to that observed in shoots given only L-galactono-1 ,4-lactone (Table II) .
The effect of myo-inosose-2 on L-ascorbic acid biosynthesis from L-galactono-1 ,4-lactone was examined briefly. At 0.1 and 0.5 % myo-inosose-2, ascorbic acid levels remained similar to water controls up to 48 hr (Table III) . However, the rate of Lascorbic acid biosynthesis from 0.1%,Xo L-galactono-i ,4-lactone was reduced in the presence of myo-inosose-2 although the level Table IV summarizes results on the metabolism of L-galactono-l ,4-lactone-2-l4C, L-gulono-l ,4-lactone-1-"4C, and L-gulono-1 ,4-lactone-6-'4C by detached ripening strawberries and bean shoots in six experiments. Of the radioactivity supplied, 80% or more was taken up by the tissues in the metabolic period. Most of this was ultimately recovered as water-soluble components with a distribution of approximately two to one between acidic and neutral compounds. Very little "IC was released as carbon dioxide, even in tissues fed L-gulono-1,4-lactone-1-'4C. About 10 to 15%7 of the "4C in the tissues was trapped in discarded residue. Vigorous extraction would have released most of this radioactivity into solution; however, this was not done because it also decreased the amount of ascorbic acid that could be recovered in reduced form.
Neutral components in the soluble fraction accounted for 15 to 29% of the label fed. Paper chromatography showed that none of this neutral radioactivity was associated with soluble sugars. If the neutral fraction was first treated with dilute ammonium hydroxide, and then separated on paper in a solvent system that resolved simple sugars, all of the '4C remained on the origin, and none migrated with the sugar components. A considerable portion of this labeled material appeared to be either starting material or closely related products. Identification of labeled components in this fraction is under investigation.
From 40 to 62% of the soluble radioactivity was present as acidic substances. It was eluted from the ion exchange column as two distinct peaks, one in the eluate volume occupied by gulonic and galactonic acids, and the other in the volume corresponding to ascorbic acid. Tissues fed L-galactono-1 ,4-lactone-2-'4C produced a very small radioactive peak in the aldonic acid region and a very substantial peak in the ascorbic acid region, whereas those fed L-gulono-1 ,4-lactone-1-'4C or -6-14C had their labeled acidic components primarily in the aldonic acid peak. In a preliminary attempt to identify the labeled acids recovered as "aldonic" acids, portions of each sample were lactonized and were separated by paper chromatography (22) . Both L-gulono-and L-galactono-l, 4-lactone fed tissues contained a labeled "aldonic" acid component that lactonized and migrated with about the same speed is L-galactono-l ,4-lactone; however, further attempts to recover and identify the radioactivity as L-galactono-1,4-lactone by carrier dilution were unsuccessful (G. Wagner, (13) (9) (6) (5) 1 Uptake = neutral components + acidic components + unrecovered radioactivity in the sedimented fraction.
2 All of the radioactivity in the acidic components was recovered in the aldonic and ascorbic peaks and represents the sum of values given in parentheses. unpublished observation) and, therefore, further study is indicated. Labeled ascorbic acid was recovered in each of the six experiments (Table V) . In tissues given labeled L-gulono-1 ,4-lactone, the ascorbic acid yield approximated that in water controls (see Table I ). In tissues given labeled L-galactono-1,4-lactone, the yield was 2 to 3 times greater than the water control (see Table  II ), evidence that a net synthesis of ascorbic acid had occurred. After adding unlabeled L-ascorbic acid as carrier, each product was crystallized and its specific radioactivity was measured. A portion was further converted to its 5,6-O-mono-isopropylidene derivative and was recrystallized. Comparison of specific radioactivities of ascorbic acid and its mono-isopropylidene derivative for each sample showed that there was very little change, thus confirming the radiochemical identitv of the oroduct.
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Part of each ascorbic acid sample was degraded to determine the location of 14C in the carbon chain. In each sample (Table V) In mammalian systems, conversion of L-gulono-1 ,4-lactone to L-ascorbic acid is probably a single enzymatic step (15) . Whether this is so in plants is not known. The present findings demonstrate that such a conversion is effected, but it does not reveal the enzymatic path. At least three possibilities can be considered: direct conversion over the same enzyme that oxidizes L-galactono-1 ,4-lactone; direct conversion over a separate enzyme with a specificity for the L-gulono rather than the L-galactono configuration; or a two-step process in which epimerization of carbon-3 precedes oxidation. Should the third possibility pertain, the rate-limiting step must reside at epimerization, because appreciable quantity of L-gulono-1 ,4-lactone is recovered from our labeled tissue as L-gulonic acid, and yet there is no trace of the corresponding L-L-galactonic acid, even at the limits of detection of the gas chromatograph (G. Wagner, unpublished observations).
Two pathways of ascorbic acid biosynthesis are present in higher plants (8) . Both require a six-carbon product of hexose metabolism, and this carbon chain is conserved during conversion. The pathway from D-glucose involves an oxidation of carbon-I of the sugar, an epimerization of carbon-5, and retention of the primary alcohol function at carbon-6. New information pertinent to this pathway is found in a report that describes a naturally occurring derivative of 5-keto gluconate (2) and also in the observation that carbons 1 through 4 of L-ascorbic acid are converted to (+)-tartaric acid in grape berries (21) .
The other pathway, from uronic acid esters or lactones, in- (7, 11) .
LITERATURE CITED
